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Abstract Text - ABTX (1): 

The present invention incorporates information representing the 
location and movement of a mobile station in a wireless 
telecommunications network to manage and control hand-off s, reduce 
the risk of falsing, prioritize channel assignments and control the 
power level of channels. 

TITLE - TI (1) : 

Wireless communications management and control s y s tern using 

mobile station position and movement information 

Brief Summary Text - BSTX (2) : 

The present invention relates to management and control of mobile 
telephone communications and, in .particular, to use of information 
representing one or more of the location, speed and direction of 
travel of mobile stations to reduce the instances of call disruption 
and enhance the quality of service. 

Brief Summary Text - BSTX (4) : 

Mobi 1 e t e 1 ephon e systems rely on a variety of management and 
control techniques to provide simultaneous services to large numbers 
of mobile stations, even though the spectrum of radio frequencies 
available for this purpose is quite limited in a relative sense. Each 
of the multitudes of mobile te lep h on e s in use at any given moment in 
a mobile system must be allowed to communicate with the stationary, 
ground-based network separately from others. However, insufficient 
room exists across the spectrum of radio frequencies available for 
all users to utilize a separate radio frequency to conduct a 
conversation or data transmission. 

Brief Summary Text - BSTX (6) : 

The number of mobile users se rvice d and the capacity of the system 
are increased further by dividing each frequency used within a cell 
or sector into a number of separate time slots. Each mobile ph^r* 1 
operating on that frequency or frequency band is assigned a separate 
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time slot in which to broadcast transmissions to the base transceiver 
station (BTS) within its cell. The BTS broadcasts to the mobile 
station in a similar manner, sometimes on the same and sometimes on a 
different frequency. Thus, a number of mobile stations can use the 
same frequency to communicate with the same BTS within the cell, 
separately and without interference. This sort of division of 
frequencies into time slots or intervals is widely known as Time 
Division Multiple Access (TDMA) . 

Brief Summary Text - BSTX (7) : 

Other techniques for providing access to the mobile system by 
multiple users within the same cell are Frequency Division Multiple 
Access (FDMA) and Code Division Multiple Access (CDMA) . Each 
technique is well-known by persons who are skilled in the field of 
mobile telecommunication systems and therefore need not be discussed 
in more detail . 

Brief Summary Text - BSTX (8) : 

Maintaining substantially continuous communication with a mobile 
station as it moves from one cell or sector to another and a high 
quality of service (QOS) are objectives to which existing systems 
aspire. Achieving these objectives would result in service similar to 
that provided by land-line communication networks that do not rely on 
radio or other electromagnetic transmission. Meeting these 
objectives, however, in FDMA and TDMA systems is hampered by the need 
to change the frequency or channel through which a mobile station 
communicates as it travels into an adjacent cell or sector within a 
cell. In general, the terms "cell" and "sector" are often used 
interchangeably; however, their meanings differ in the sense that 
cells are formed by different BTSs, while sectors share the same BTS 
and together form a larger cell. Because the adjacent cell or sector 
operates using different sets of frequencies to avoid interference, 
the mobile station must adjust to the frequency environment of the 
cell or sector into which it travels. This sort of adjustment is 
known as a "hard hand-off . " 

Brief Summary Text - BSTX (9) : 

In TDMA systems, this inter-cell (adjacent cells) or intra-cell 
(adjacent sectors) "h and-off " of the traveling mobile station to the 
adjacent cell or sector is made more difficult by the need to 
synchronize the time slot in which the mobile station transmits and 
receives "bursts" of signals to and from the associated BTS. This 
time slot adjustment is required to avoid interfering with the 
transmission bursts of other mobile stations operating over the same 
frequency. In addition to resetting the time slot assignment, when a 
mobile station travels from a servicing cell to a target cell having 
radii appreciably different, the transmission of the mobile station 
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must be retarded or advanced to compensate for a different 
transmission or "propagation" delay in transmissions to the BTS of 
the target cell . This burst transmission adjustment compensates for 
any appreciable difference in the transmission propagation delay- 
resulting from different lengths of the transmission paths to the BTS 
of the prior serving cell and the new target cell. Under existing 
standards, such burst transmission adjustments are necessary for 
approximately every 500 meter difference in transmission distance; 
however, circumstances may make adjustments based on other increments 
desirable . 

Brief Summary Text - BSTX (10) : 

Because existing TDMA systems currently do not determine this 
distance in advance of the hand-off , transmission to and from the 
mobile station must be temporarily interrupted or n muted" while the 
mobile station transmits small bursts of synchronization codes to the 
BTS of the tar get cell , in accordance with IS-54B and IS- 13 
standards. The BTS determines the correct burst advance or retard to 
be implemented and transmits the information to the mobile station, 
which completes the adjustment. This muting avoids undesirable burst 
collisions with other mobile stations operating on the same channel 
or frequency while the adjustment is made. Unfortunately, an 
undesirable consequence is that the mobile station user is 
temporarily disconnected from any communication and typically hears a 
"click" noise. Therefore, it would be desirable to provide a 
management and control system that adjusts the burst transmission of 
the mobile station in connection with the hand-off with less 
disruption of communication. 

Brief Summary Text - BSTX (11) : 

Other difficulties experienced with current TDMA management and 
control systems during hand-off stem from system determinations of 

what new frequency of the target cell or sector to assign a mobile 

station. Mobile stations operating with systems employing the Mobile 
Assisted Hand- o ff (MAHO) procedure of the IS -136 standard frequently 
monitor the strength of the Digital Control Channels (DCCHs) of 
immediately adjacent cells (as distinguished from the traffic or 
voice channel or frequency) and provide this information to the BTS 
of the currently serving ce ll . Using this information, the BTS 
communicates to the mobile station its preferred DCCH assignment and 
adjustment in the target c ell . 

Brief Summary Text - BSTX (12) : 

However, mobile stations sometimes incorrectly monitor a stronger 
DCCH signal of a cell that is not immediately adjacent, but that is 
of the same frequency as a DCCH of an adjacent cell. This often 
occurs due to shielding of the adjacent cell DCCH by buildings in 
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urban areas, for example. Such a "false" readings will result in a 
dropped call as the hand-off is made to the incorrect, unavailable or 
unacceptably weak DCCH of the actual target cell. It is therefore 
desirable to provide an ability to distinguish or eliminate such 
"false" readings . 

Brief Summary Text - BSTX (13) : 

When a target cell or cell sector does not have available a 
frequency or channel for one or more mobile stations moving intc tha: 
cell or sector, each station is placed b y the management and concrol 
system in a "queue," while awaiting availability of a channel. 
Placement of a mobile station in the "q ueue" by the system for such 
inter- or intra-cell hand-off and channel assignment, is triggered 
primarily by a reduction of signal stren gth of the BTS to a 
predetermined level. 

Brief Summary Text - BSTX (14) : 

However, such reliance on si gnal strength sometimes undesirably 
causes the broadcast of the cell serving the mobile station to be 
"dragged" into the target cel l and perhaps other adjacent cells 
during inter-cell hand-offs, particularly when the mobile station is 
traveling quickly relative to other mobile stations in queue. This is 
caused by the servin g cell BTS increasing the power level of its 
transmission to maintain contact with the mobile station. The 
resulting intrusion of dragged transmission into the adjacent cells 
violates principals of frequency reuse and separation, and also 
causes other problems, such as false readings of a non-adjacent DCCH. 
In intra-cell, sector-to-sector hand-offs, the strength of signals 
broadcast by the directional beam antennae of a sector attenuates 
more rapidly as the sector boundary is approached. It is therefore 
desirable to provide an ability to hand-off channel assignments more 
rapidly to those mobile stations having a greater need for* such an 
assignment . 

Brief Summary Text - BSTX (17) : 

The foregoing difficulties and needs are addressed by the present 
invention, which enhances wireless systems management, control and 
quality of service. Information representing the geographic position 
of a mobile station is provided to the system for the purpose of 
advancing or retarding transmissions to the BTS of a target: eel- or 
sector during a hand -o ff . Use of this information reduces or avoids 
the muting period currently needed to allow synchronization of the 
mobile station transmissions to the target cell or sector. 

Brief Summary Text - BSTX (18) : 
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In another aspect, information representing the position of the 
mobile station is used to distinguish transmissions of adjacent cells 
from non-adjacent cells. 

Brief Summary Text - BSTX (19) : 

This reduces or substantially avoids false readings of channels of 
non-adjacent cells in a hand-off procedure. 

Brief Summary Text - BSTX (20) : 

In still another aspect, information representing one or more 
parameters of the position, speed and direction of travel are used to 
adjust the priority of target cell channel assignment amongst two or 
more mobile stations requiring a hand-off to a target cell or seccor. 

Brief Summary Text - BSTX (21) : 

This more rapidly assigns new channels to those mobile stations 
having a more urgent need and reduces the number of dropped calls 
during hand -off . 

Brief Summary Text - BSTX (22) : 

In yet another aspect, information representing the position of a 
mobile station is used to anticipate or predict the power level 
requirements at two or more, and preferably many, locations within a 
cell or sector. The position information can also be used to reassign 
the mobile station to a channel that is preferable for use in the 
location of the mobile station. These adjustments and assignments can 
be made with reference to quality of service data obtained and 
correlated to position information as the mobile station travels 
during active calls. 

Drawing Description Text - DRTX (3) : 

FIG. 1 is a schematic illustration of a serving cell and target 
cell implementing one embodiment of the invention in a hand -off; 

Drawing Description Text - DRTX (4) : 

FIG. 2 is a schematic illustration of a wirele ss 
telecommunications network incorporating the embodiments of the 
invention; 

Drawing Description Text - DRTX (5) : 

FIG. 3 is a diagram illustrating the signaling sequence of a prior 
art wireless telecommunications network during a hand-off:; 
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Drawing Description Text - DRTX (6) : 

FIG. 4 is a diagram illustrating the signaling sequence of a 
wireless telecommunications network incorporating an embodiment of 
the invention; 

Drawing Description Text - DRTX (7) : 

FIG. 5 is a diagram illustrating the relationship between 
propagation delay, distance and speed of transmission used to 
accomplish a hand-off in accordance with an embodiment of the 
invention; 

Drawing Description Text - DRTX (8) : 

FIG. 6 is a diagram illustrating an adjustment of time alignment 
of transmissions in a hand-off accomplished in accordance with the 
invention; 

Drawing Description Text - DRTX (9) : 

FIG. 7 is a diagram illustrating the need for an assignment of 
channels to mobile stations attempting to obtain a hand-off. into a 
new cell or sector in accordance with the invention; 

Drawing Description Text - DRTX (10) : 

FIG. 8 is a table illustrating the assignment of 30 priority to a 
number of mobile stations seeking hand -of into a cell or sector in 
accordance with the invention; 

Detailed Description Text - DETX (2) : 

FIGS. 1 through 6 illustrate methods and means for facilitating 
the hand-off of an active call between adjacent cells or sectors, 
utilizing information representing the position of an associated 
mobile station relative to the target cell or sector. 

Detailed Description Text - DETX (3) : 

Referring to FIGS. 1 and 2, there is shown schematically three 
adjacent cells 10, 20 and 30 used to communicate with one or more 
mobile stations in a wireless telec o mm unications network 4 0 . In an 
actual network, other cells not shown in FIGS. 1 and 2 would be 
positioned adjacent the cells, to provide substantially contiguous 
coverage of the surrounding area. While only three cells are shown to 
simplify description of the invention it will be apparent that the 
invention contemplates use in two or more cells within a wi. rp].e?=r 
t elecommunicat ions network . Furthermore, the invention is described 
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in a network 40 employing TDMA management and control technology as 
well as IS-54b and IS-136 standards. However, it should also be 
apparent that aspects of the invention may be employed with other 
management and control systems. 

Detailed Description Text - DETX (4) : 

Shown in FIGS. 1 and 2 are a serving cell 10 and a cargec cell 20 
implementing a hand -off of mobile station A from cell 10 co cell 20 
during an active call. That is, the hand off occurs while the mobile 
station A is communicating voice or data over the traffic channel to 
the serving BTS 12 of cell 10. During the hand -off, communication 
with mobile station A over the traffic channel is transferred from 
serving BTS 12 to the target BTS 22 of tarqet cell 20. In addition to 
transferring communication of the traffic channel, communication of 
management and control information between the mobile station A over 
the DCCH channel is also transfer to target BTS 22. 

Detailed Description Text - DETX (5) : 

Upon completion of the han d - off , communication between mobile 
station A over both the traffic and DCCH channels continues with the 
target BTS 22 and the tarqet cell 20. It will be apparent that 
management and control of the mobile station A during a hand -off is 
accomplished through signaling between the mobile station and the 
servicing BTS over the traffic channel. The traffic channel is 
separate from the DCCH channel and is normally used to transmit voice 
and data to or from the user of the mobile station and the party with 
whom the user intends to talk, exchange data or otherwise 
communicate . 

Detailed Description Text - DETX (6) : 

As is illustrated schematically, the diameter and coverage area of 
serving cell 10 is substantially smaller than those of target ce', i 
20. This disparity is often implemented to accommodate differences in 
the number of users frequenting each cell, topography covered by each 
cell and other factors affecting the quality of service within the 
coverage area of each cell. Moreover, the management and control 
system may vary the size and coverage areas of adjacent cells, to 
handle additional traffic loads imposed by increased number of users 
or calls during the busy hour, for example. 

Detailed Description Text - DETX (7) : 

FIG. 2 is a schematic diagram of primary management and control 
components of the wireless telecommunica tions network 30, of which 
the serving cell and the tarqet cell 20 are part. In general, lower- 
level management and control of the cells 10 and 20, such as 
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frequency and time-slot assignment, propagation delaying alignment 
and the like, necessary during a hand : off, are accomplished by the 
base station controller (BSC) serving the cells 10 and 20. However, 
hand-off s made between cells that are not served by the same BSC, 
such as between cells 20 and 30, typically employ at least one rvr.r.,." 
telephone switching office (MTSO) , shown linked by access lines to 
the BSC controlling each of the cells 20 and 30. Each MTSO is in turn 
linked to a public switched telephone network (PSTN) , through which 
the wireless telecommunications network 30 communicates with land- 
line telephones and other customer premises equipment, nodes, 
switches, points of presence, systems and the like. 

Detailed Description Text - DETX (8) : 

During hand-off of mobile station A at or near the schematically 
represented boundary of the serving cell 10 and the target cell 20, 
the delay in propagation of transmissions to the target BTS 22 
changes abruptly. In other words, signals transmitted from the mobile 
station A take longer to reach the target BTS 22, because the 
distance over which the transmissions must travel abruptly increases 
with the hand-off . More specifically, target BTS 22 is located a 
distance dt from mobile station A appreciably greater than the 
distance ds separating the mobile station A from the serving BTS 12. 
The difference in propagation distances from mobile station A to 
serving BTS 12 and target BTS 22 is represented by Ads-t. The 
disparity of propagation delay between serving and target cells, in 
general, is proportionate to the disparity in the size of the cells 
and, more particularly, their radius and area of coverage. 

Detailed Description Text - DETX (9) : 

In TDMA management and control systems, adjustment of the timing 
of transmissions by mobile stations as they transition from one cell 
to the next during a ha n d-off sequence must be completed to 
compensate for such propagation delay changes. If the timing 
alignment is not so adjusted, the mobile station will be unable to 
properly synchronize its transmission with the correct time-slot 
assigned for transmission to the target BTS. 

Detailed Description Text - DETX (10) : 

FIG. 3 illustrates the signaling sequence used in prior art TDMA 
management and control systems to hand-o f f an active call of mobile 
station A from the ser v in g cel l 10 to the target cell 20. As the 
mobile station A approaches the boundary between the cells 10 and 20, 
a hand-off command (HO-CMD) is sent from the serving cell BTS 12 
signaling the mobile station A to initiate a signaling sequence in 
short burst format with the target cell BTS 22. The hand -off command 
is triggered by a determination within the BSC or MTSO associated 
with the BTS 12 that the sign al str ength received by the BTS 12 or 
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mobile station A has attenuated to a predetermined level. Information 
is sent from the serving cell BTS 12 to the mobile station A with the 
hand -off command, representing the time slot and frequency assignment 
for the traffic channel of mobile station A within the target cell 
20. 

Detailed Description Text - DETX (11) : 

The mobile station A then discontinues transmission to the sp:vi:v: 
cell BTS 12 and begins transmission to the target cell BTS 22 in 
shortened bursts over the channel assignment received from the 
serving cell BTS 12, until the propagation delay adjustment or 
alignment is completed, synchronizing the normal bursts of traffic 
channel transmission with the targ et cel l BTS 22 and consequently 
other mobile stations within the tar get cell 20 to avoid burst 
collisions or other disruption of other calls within the narget .-^.l 
20. Voice or data transmission to and from the mobile station A is 
disrupted or muted during the shortened burst period and is often 
accompanied by an undesirable "click." 

Detailed Description Text - DETX (12) : 

Such synchronization is achieved in the prior art by a sequence of 
signaling over the digital traffic channel (DTC) to advance or 
retard, if necessary, transmission bursts of both the traffic channel 
and DCCH control channel. Short bursts (SB) of synchronization codes 
are sent by the mobile station A to the t arget cell BTS 22, allowing 

a determination by the management: and c o ntrol system of the 

propagation delay and corresponding time alignment necessary for 
synchronization. A time alignment message (TA MSG) is returned to the 
mobile station A from the BTS 22. The test short burst transmission 
is next set by the mobile station A to the BTS 22 and, if 
synchronized appropriately with the assigned time slot of the mobile 
station A, a reset command is returned from the BTS 22, confirming 
the time alignment advance or retard. The mobile station A then 
begins its normal burst transmissions over the traffic channel in the 
target cell 2 0 with this adjustment. 

Detailed Description Text - DETX (13) : 

FIG. 4 illustrates a signaling sequence in which information 
representing the location of mobile station A is used to adjust the 
time alignment (TA) of mobile station A, substantially eliminating 
the need for short burst transmission over the traffic channel during 
hand-off, such as is required by the prior art. This is accomplished 
by sending with the hand-off command (HOCNID) the propagation delay 
time alignment (TA) required to synchronize transmissions of mobile 
station A with target BTS 22. Sending the time alignment information 
prior to hand-off allows the mobile station A to transmit voice and 
data over the traffic channel in synchrony with the target BTS 22, 
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without the exchange of synchronization signaling and associated 
shortened burst transmissions. Also substantially avoided is che 
associated muting of the traffic channel to prevent burst collisions 
with other transmissions over the same frequency until the 
synchronization is completed. Although some disruption of 
transmission over the traffic channel will be occasioned as the 
mobile station A adjust frequency and time-slot alignment to 
synchronize with the target BTS 22, the effect will be unpercei vable . 

Detailed Description Text - DETX (14) : 

Information representing at least the approximate location o£ 
mobile station A relative to the target BTS 22 at the time hand-off 
is triggered can be obtained by employing a number of available 
techniques. Preferably, location information will be obtained from a 
GPS receiver coupled to or co-located with mobile station A. One sue;: 
mobile telephone, available from Garmin International, Inc. of 
Olathe, Kansas, operates with AMPS technology and includes a GPS 
receiver and transmits accurate location information in substantially 
real-time to an associated BTS. Short Message Service (SMS) available 
in IS-136 systems can also be used to transmit location information 
from mobile station A. Triangulat ion techniques, such as time delay 
of arrival, can also be utilized to assess the position of mobile 
station A has well. Other techniques will also be apparent to those 
skilled in art . 

Detailed Description Text - DETX (15) : 

Information representing the approximate location of mobile 
station A at the time of ha nd-off is processed with data or other 
information representing the location of the target BTS 22 , to 
determine the propagation delay. 

Detailed Description Text - DETX (17) : 

FIG. 5 illustrates determination of the propagation delay Pt of 
t he mob i le station A by the ma nag erne nt and control system with 
respect to the target cell 2 0 of the wireless te lecommunications 
network 40, utilizing information representing the position of mobile 
station A. This propagation delay p t , or time delay of an: i v a i , c a r i 
be converted by one or more dat a pr o cess or s of the ma nag emenc a n d 
control system to time alignment units that are communicated to the 
mobile station A along with a hand-off command during the hand-off. 
Information representing the time alignment is specified in units of 
half -symbols . 

Detailed Description Text - DETX (18) : 

As is well-known, there are 972 symbols in a 40 ms TDMA frame. 
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This yields a conversion factor of 20.5 us per half-symbol. The 
propagation delay P is divided by the conversion factor of 20.5 us or 
micro seconds per half -symbol to yield the number of half -symbols 
transmitted to mobile station A to effect the desired advance or 
retard of transmission burst timing. It will be apparent that the 
timing of such transmission bursts will be advanced in hand -of £s made 
from a smaller servin g cell to a larger target cell. Conversely, the 
timing will be retarded in hand-off s made from a larger serving c \ . 
to a smaller target cell . 

Detailed Description Text - DETX (19) : 

FIG. 6 shows a set of two time-lines illustrating the time 
alignment (t) of normal burst transmissions over the traffic channel 
by the mobile station A to the target BTS 22 following hand-off from 
serving BTS 12 in FIGS. 1 and 2. The transmission of signals over the 
traffic channel by mobile station A are identified in by the letter 
"A" and are synchronized with the time-slots 2 and 3 of other mobile 
stations 2 and 3 (not shown) concurrently engaged in active calls 
within the cell 20 to avoid burst collisions with those calls 

Detailed Description Text - DETX (20) : 

As hand-off to the target cel l 20 is initiated by the management 
and control system of the network 40, a hand-off command and time 
alignment adjustment information is transmitted to the mobile station 
A via the DTC channel, as shown in FIG. 4. Upon receiving the hand - 
off command and timing adjustment signal, mobile station A advances 
the transmission of normal bursts to synchronize with time-slots 2 
and 3 assigned to mobile stations 2 and 3 (not shown) engaged in 
active calls to the target BTS 22. This adjustment is accomplished 
without the need of short burst transmissions by the mobile station 
to determine and accomplish the time alignment adjustment necessary 
to compensate for a different propagation delay Pt of the 
transmissions between mobile station A and the BTS 22 of targe: eel" 
20. Muting of the traffic channel of mobile station A during the 
propagation delay adjustment is also greatly diminished or eliminated 
as well. 

Detailed Description Text - DETX (21) : 

Referring now to FIGS. 7 and 8, illustrated is a method and means 
of prioritizing of mobile stations awaiting channel assignments 
within a sector TS of a targ et c ell 50, using information 
representing the position, direction and speed of the mobile stations 
competing for hand-off and transfer of service. For purposes of 
example only, seven mobile stations MS 1, MS 2 , MS 3 , MS 4 , MS 5 , MS 
6 and MS 7 sequentially request ha nd-off of active call into the 
target sector ST of the target cell 50. Each mobile station is shown 
approaching sector TS of the target cell 50, and is awaiting 
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assignment of available traffic channels. An arrow associated with 
each of the mobile stations MS 1 through MS 7 indicates the direction 
of travel of each mobile station. The geographical position or 
location of each of mobile stations MS 1 through MS 7 is indicated by 
the arrowhead. Because no channels are available within the sector 
ST, mobile stations MS 1 through MS 7 must the placed in a queue or 
list, assigning to the mobile stations an order of priority in which 
each will receive successive channels that become available. It will 
be apparent that such prioritization can be implemented with two or 
more mobile stations awaiting channel assignments. 

Detailed Description Text - DETX (22) : 

The location, position and speed of each of the mobile stations MS 
1 through MS 7 is determined in real-time b y the wirel ess 
telecommunications network 40, employing any equipment and techniques 
described previously with reference to mobile station A . The order jm 
which the hand-off and associated channel assignments of each of the 
waiting mobile stations MS 1 through MS 7 is prioritized based on 
both the risk of dropping their respective calls and speed at which 
each mobile station is approaching the target sector ST. 

Detailed Description Text - DETX (23) : 

The risk of dropping a call of any of the mobile stations MS 1 
through MS 7, such as by losing signal to or from the mobile station, 
is determined by the BTS of the cell servicing the mobile station. 
This determination is made by comparing the contour maps of the radio 
frequency coverage area of the cell and the direction of travel of 
the mobile station. For example, for a sector cell such as targei 
cell 50, the contour maps would show that movement of the mobile 
station in a radial direction with respect to the serving BTS and the 
broadcast directional beam results in the signal level falling 
gradually with distance. This corresponds with a "low" risk of losing 
the signal and dropping the call. 

Detailed Description Text - DETX (24) : 

In FIG. 7, mobile stations MS 1, MS 2, MS 3, MS 5 and MS 6 are 
shown generally moving in a radial direction away from the serving 
BTS of the cell in which each is leaving. However, movement of the 
mobile station in a lateral direction within the serving cell results 
in a relatively steeper rate of signal strength degradation, as the 
mobile station moves away from the center of the directional beam 
serving the sector and towards the boundary of an adjacent sector. 
This corresponds with a "high" risk of losing signal and dropping the 
call before the channel in the target sector is assigned and the 
hand-off is completed. In FIG. 7, mobile stations MS 4 and MS 7 are 
shown moving laterally, towards the target sector ST. 
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Detailed Description Text - DETX (25) : 

The position of the mobile station with respect to the uarge* 
may also be used to determine and assign a "high" risk rating. For 
example, MS 1 in FIG. 7 would receive a "high" risk rating even 
though its direction of travel is radial with respect to the serving 
BTS, because its position is determined to be approximately at the 
boundary of the target cell 50. A "high" risk rating for mobile 
stations positioned at approximately the boundary of primarily 
adjacent cells and also adjacent sectors reduces the risk of dropped 
calls as well as reduces the chance of dragging a frequency serving 
the mobile station into an adjacent cell as the power level is 
increased by the serving BTS to maintain quality of service of the 
active call. 

Detailed Description Text - DETX (26) : 

The speed rating of either "high" or "low" is also given to each 
of the mobile stations MS 1 through MS 7. When a hand -off request is 
received for each of the mobile stat ions MS 1 through MS 7, 

information representing the spe e d of the mobi le st at ion i s compa red 

with a speed set by the mana g em e nt a n d control system of the network 
40, to designate the speed of mobile station as being either "high" 
or "low". In the example of FIGS. 7 and 8, mobile stations traveling 
at a speed of greater than 20 kilometers per hour are designated as 
traveling at "high" speed, while mobile stations traveling at less 
than 20 kilometers per hour are designated as traveling at "low" 
speed. ' 

Detailed Description Text - DETX (27) : 

The risk and speed ratings or designations applied by the serving 
cells of each of the mobile stations MS 1 through MS 7 are used to 
determine and assign priorities of channel assignments, implementing 
a Boolean logic table shown in FIG. 8. The order of each of the 
mobile stations MS 1 through MS 7 in the channel assignment queue is 
determined with the greatest weight given to a "high" speed rating 
and the next greatest weight given to a the "high" risk rating. 
Therefore, MS 2 and MS 5 are placed in a higher level of priority 
within the queue than are MS 1 and MS 7. Also, as between mobile 
stations having the same combination of risk and speed ratings, those 
making earlier requests for a h and -o ff are placed ahead of those 
making later requests. Therefore, MS 2 is placed ahead of MS 5; MS 1 
is placed ahead of MS 7; and MS 3 placed ahead of MS 6 . 

Detailed Description Text - DETX (28) : 

The hand -off prioritization described with reference to FIGS. 7 
and 8 is accomplished using data processing and memory located at or 
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distributed amongst the BSCs and MTSOs servicing the mobile staL;-:.n^ 
the must be placed in queue or other appropriate location in the 
management and control system of the network 40. Information 
representing the boundaries of serving and target cells and sectors 
may be accessed from databases, lookup tables and other suitable 
forms of memory employed by the network 40. 

Detailed Description Text - DETX (29) : 

Referring now to FIG. 9, methods and means are shown for 
eliminating incorrect identification of a channel during a hand -off, 
known as "falsing, " utilizing information representing the location 
and direction of travel of a mobile station C. Mobile station C ] s= 
shown engaged in an active call within a group of adjacent cells 
forming a portion of the wirel ess telecommunications netwoi k 4 0 
schematically described and FIG. 2. Such falsing occurs in current 
IS-136 systems implementing Mobile Assisted Hand-off (MAHO) 
technology and could occur in other circumstances in which a mobile 
station seeks to monitor the power level of channels broadcast by an 
adjacent cell. During an MAHO hand-off, the mobile station C monitors 
the power level of control channels of ad jacent cells and sends such 
information to the mana gement a nd contr ol system of the network 40. 
Based on this information, the management and control system 
determines which of the adjacent cells is a preferred candidate to 
receive a hand-off of the call from the servin g cell . 

Detailed Description Text - DETX (30) : 

Falsing occurs as the mobile station C moves in the direction of 
the arrow shown, away from cell 70 and behind the shadows of a group 
of obstructions 80, shielding the signals from the BTS 60 of the cell 
70 and the BTS of each adjacent cell, prior to a hand -off. The 
obstructions 80 could be tall buildings, for example, in the event 
mobile station C is located in an urban environment. Blocking or 
shadowing is particularly acute if directional antenna are used, as 
they typically are, in sectored cells. However, the lack of an 
obstruction between the BTS 90 of a non-adjacent falsing cell 100 may 
cause its signal to be monitored by mobile station C at a higher 
power level than the signals of adjacent cells. If the signal of BTS 
90 is at the same frequency as an available control channel of an 
adjacent cell, such as the cell 70, the management and control system 
of the network 40 may interpret the power level increase of the 
signal broadcast by falsing cell 100 as movement of the mobile 
station C in the opposite direction of travel, towards the cell 70, 
and attempt to hand-off mobile station C to the cell 70. Because the 
mobile station C is moving away from the cell 70, an attempted hand- 
off will result in a dropped call. 

Detailed Description Text - DETX (31) : 
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Information representing in substantially real-time the direct io:. 
of travel of the mobil e station C can be obtained by the managers 
and control system of the network 30, utilizing the equipment and 
techniques previously discussed. For example, the MSC of the cell 
servicing mobile station C will compare the direction of travel 
information with the "falsing" power level measurement taken by 
mobile station C. If the direction of travel conflicts with power 
level measurements taken by the mobile station C during an MAHO, then 
a determination can be made that the power level measurement is in 
error and the control channel and its associated cell will be 
eliminated as candidates for channel assignment and hand-off. 

Detailed Description Text - DETX (32) : 

Information representing in substantially real-time the position 
or location of the mobile station C can assist in avoiding such false 
measurements and readings. This is accomplished by dividing the 
serving cell 65 into a grid, representing geographic quadrants ], 2, 
3 and 4. For each of the geographic quadrants within the serving 
65, a database, lookup table or other suitable memory array is 
created, identifying the immediately adjacent cells contiguous with 
the boundary of each quadrant. The management and control system of 
the network 40, preferably the associated MSC, will recognize only 
the subset of such adjacent cells mapped to any particular quadrant 
as acceptable candidates for hand-off s from the serving cell 60 when 
the mobile station C is located that quadrant. In this manner, 
readings by mobile station C of channels that are not assigned to the 
subset of adjacent cells acceptable for hand of f from a particular 
quadrant can be eliminated from determination, triggering and control 
of an MAHO or other hand -off . The size and number of quadrants 
utilized for each cell may be selected as needed to address the 
unique requirements of dense urban areas with heavy shadow losses and 
ducting effects. 

Detailed Description Text - DETX (33) : 

Referring now to FIGS. 10, 11, 12, and 14, methods and means are 
illustrated for enhancing the quality of service, channel assignment 
and power level control over channels in a serving cell 200. Cell 200 
is typical of other cells and the wireless telecommunica t ions nerwji < 
40 and includes a BTS 220 and associated MTSO (not shown in FIGS. 10 
through 14) which monitors all active channels in discrete time 
intervals or time-slots. After having served as the central office in 
completing a call setup, the associated MTSO continues to monitor the 
radio transmissions of mobile stations served within the cell 200 at 
prescribed intervals. Cell 200, preferably under the management and 
control of the associated MTSO, automatically and without substantial 
interruption, switches traffic and control channels used with mobilo 
stations (not shown) served within the cell 200 t o an idle or 
available channel previously experienced a s having the highest 
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quality of service, as defi ned by the network 40. The power level of 
transmissions to mobile stations served within the cell 200 is also 
increased or decreased to enhance the quality of service provided. 
Mobile stations receiving transmissions within the cell 200 provide 
information to the BTS 220 representing both the forward and reverse 
bit error rates (FBER and RBER) and power level of transmissions 
received. Such information is fed back to the BTS 220 by the mobile 
stations during active calls, via the traffic channel transmissions. 

Detailed Description Text - DETX (34) : 

Information representing the location of each mobile scar i or. 
served by cell 200, as well as the pow er level, FBER and RBER a>e 
monitored by the network 40 to determine and develop a matrix or 
array of information stored in a suitable memory location within the 
network 40 to aid in the enhancement of the quality of service and 
power level assignments of the mobile stations served. Information 
representing the location of each mobile station within the cell 200 
is determined and obtained utilizing any of the equipment and 
techniques previously discussed with respect to mobile stations A and 
C. For those mobile stations within the cell 200 utilizing a co- 
located or coupled GPS receiver, information obtained by the receiver 
indicating or representing the location of each of such mobile 
stations is transmitted to the BTS 220 via control channel 
transmissions as each mobile station travels within the cell 200. 

Detailed Description Text - DETX (35) : 

Cell 200 is divided into sectors and S 1, S 2 and S 3, each of 
which in turn is sub-divided into a grid identifying a preselected 
number of quadrant locations within the sector in which information 
representing the power level, bit error rate received by a mobile 
station is stored in a matrix or array and s u i t a b 1 e me mo r y d e v :i. c e o i 
devices by the network 40. Development of such a grid of locations 
monitored within the cell 200 as shown with reference to sectors S 1, 
S 2 and S 3. Sector S 1 is shown prior to overlay of a location 
identifying grid. Sector S 2 is shown with a location identifying 
grid overlay, preferably with boundaries running parallel to the 
boundaries of sector S 2 and the cell 200. Sector S 3 includes a grid 
overlay, with each grid location identified alphabetically. It will 
be apparent that the number and size of the grid locations and the 
corresponding area and number of locations monitored is selected to 
avoid excessive channel and power level adjustment yet capable of 
providing a sufficiently enhanced quality of service. 

Detailed Description Text - DETX (36) : 

Information representing the quality of service of calls within 
the cell 200 for each channel is determined and calculated by the 
network 40 using information representing the forward and reverse .o;- 
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error rates of call transmissions within each quadrant of a sector. 
The mobile station engaged in an active call reports the values of 
the forward and reverse bit error rates to the BTS 220 every second, 
via control channel transmissions. A quality index (QI) is determined 
by the network 40 by calculating and storing the average of the sum 
of forward and reverse bit, error rates of each of one or more prior 
bit error rate reports, and preferably the preceding 12 reports. Th:s 
results in a rolling average of the total forward and reverse r ; • 
error rates of one or more reports previously received. The number or 
window of such reports comprising quality index can be adjusted as 
desired. Thus, the larger the numeric value of the quality index, the 
less desirable assignment of the associated channel is for the 
quadrant from which the bit error rates comprising the quality index 
were obtained . 

Detailed Description Text - DETX (39) : 

The matrix 240 is accessed by the network 40 as a mobile station 
requests or receives a call within a quadrant or travels into the 
quadrant while engaged in an active call. In any of such events, an 
available or idle channel with the quality index indicating the 
highest quality of service is assigned to the call. When a channel 
listed for a quadrant in the matrix 240 is unavailable, the variable 
"next" points to the next best channel for that quadrant, as 
determined by the quality index. Utilizing such pointers, an array is 
developed for each quadrant, with the channel having the highest 
quality of service listed at the head of a linked list. Each channel 
points to the next best channel, in this fashion. This is done for 
each quadrant. As a channel is used in a quadrant, it is removed from 
the linked list. As a channel becomes available, it is inserted into 
the ordered linked list in the appropriate position, with reference 
to its quality index. 

Detailed Description Text - DETX (40) : 

As mobile station travels into another within the sector S 3 in 
which the channel currently assigned in an active call has a quality 
of service lower than a predetermined acceptable limit (i.e., the 
quality index is higher than a predetermined limit) , the call is 
switched by the network 40 to the channel having the highest quality. 
A quadrant is considered a "bad spot" for a particular channel if the 
quality index exceeds the predetermined limit. A determination that a 
quadrant is a "bad spot" for a channel triggers a hand off. 
Similarly, the power level average associated with each channel and 
quadrant in the matrix 240 is accessed by the network 4 0 at the time 
of channel assignment and the power level of the channel is adjusted 
to the power level average maintained in the matrix 240. 

Detailed Description Text - DETX (42) : 
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Referring to FIG. 12, there is shown a flow diagram 300 
illustrating channel and power level assignment by the network 4C 
with reference to the quality index and power level average. Also 
illustrated is updating the matrix 240 with bit_e_rror rate and power 
level information during a call. In step 320, the network 40 receives 
location information by the means and techniques previously discussed 
and identifies the quadrant of a matrix developed for the particular 
cell or sector in which the mobile station is located. In step 34 0, 
the network 40 finds the best available channel for that quadrant, 
with reference to the linked list of channels developed for that 
quadrant. In step 360, the network 40 assigns the first available 
channel, with the highest quality of service ranking from the linked 
list . 

Detailed Description Text - DETX (43) : 

Steps 370 and 380 are performed with a predetermined frequency 
during an active call, to update the matrix 240 with bit rate error 
and power level information for the channel and use. Specifically, in 
step 370 forward and reverse bit error rate and power level 
information is gathered from the mobile station and the associated 
BTS. Using such information, the quality index and power level 
average are determined by the network 40 the matrix 240 is updated in 
step 380. In step 390, the network 40 determines whether the active 
call is complete and if not, steps 370 and 380 are repeated. Steps 
370 and 380 are repeated until the call is completed. 

Detailed Description Text - DETX (44) : 

FIG. 13 illustrates a flow diagram 400 showing the steps 
implemented by network 40 when an active call moves to a new quadrant 
or a call is initiated. Specifically, in step 405 a determination is 
made with reference to information representing the location of a 
mobile station of whether the mobile station is moving into a new 
quadrant. If not, steps 370, 380 and 390 are performed as shown in 
FIG. 12. If the mobile station is moving to a new quadrant, in step 
410 the matrix 240 is accessed to determine the correct power level 
assignment for the channel in use. If the power level indicated by 
the matrix 240 for the channel in use within the new quadrant is 
below a predetermined level, or the quality index for the channel is 
above a predetermined level, in step 420, a determination is made 
that the quadrant is a "bad spot" for the channel in use. In the 
event of a "bad spot" determination, in step 430 a hand-off his 
performed to the next available channel in the linked list of 
channels for that quadrant. If a "bad spot" is not determined in step 
420, a determination is then made in step 440 with reference to the 
power level average for the channel in matrix 24 0 of whether the 
power level of transmission should be changed. For example, no change 
will be required if transmissions are currently at the power level 
average indicated by the matrix 240. If, however, a power level 
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change is indicated in step 440, the power level of transmission is 
adjusted in step 460 as indicated by the matrix 240. 

Claims Text - CLTX (1) : 

1. A method of controlling a hand-off of an active call from a 
serving cell of a wireless telecommunica tions system comprising: 
providing information representing the identity of a sector of a cell 
in which a mobile station conducting the call is located; providing 
information representing the identity of channels used by one or more 
cells adjacent the sector; eliminating from a mobile assisted hand- 
off list utilized by the mobile station the identity of channels not 
available in the one or more cells adjacent the sector in which the 
mobile station is located; determining the direction of travel of the 
mobile station; determining if the power level of a transmission from 
a first sector received by the mobile station conflicts with the 
direction of travel of the mobile station; and upon determining that 
the power level of the mobile station conflicts with the direction of 
travel, eliminating from a mobile assisted hand-off list the first 
sector. 
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